In this paper we challenge the prevailing practice of conducting one-off cross-sectional mobility surveys, making a case for change on the basis of usefulness and cost-effectiveness.
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Introduction
Changes in behaviour are necessary to reverse the worrying long-term trends of growing mobility, with increasing oil consumption and global greenhouse gas (GHG) emissions. In most countries, including some of the most wealthy and advanced, conventional crosssectional travel surveys are conducted roughly once a decade (i.e. they are "one-off" exercises) and only one weekday is surveyed for each respondent in "representative" periods when traffic flows are maximal. This is not enough to gain a proper description of the above long-term trends, as well as of changes in behaviour. Neither it is possible to properly analyse these types of issues with such limited data. Furthermore, mobility surveys need to use evolving methodologies to keep up with good practice standards ; this hinders the comparison between subsequent surveys for the assessment of trends (e.g. the American Nationwide Personal Travel Survey -NPTS -shifted from a trip-based to an activity-based approach). One-off surveys are also subject to unpredictable events (e.g. strikes or extreme weather conditions) and do not allow a clear distinction between long-term trends and short-term events (economic boom or recession). Good quality travel data are needed both to portray existing situations and to help identifying problems related to the operation of today's increasingly complex transport systems; they are also important to estimate the models that are quintessential for urban and regional planning, especially to give them a real dynamic dimension. In fact, the most typical (and difficult) need has always been for data to calibrate the large strategic transport-models used in long-term project evaluation and environmental assessment.
Based on reasons of usefulness and cost-effectiveness, we wish to challenge the practice of using one-off cross sectional surveys and make a strong case for change. We believe that all urban areas over a certain limit (say one million inhabitants) should be involved in collecting mobility data on a continuous basis as part of their efforts to guarantee sustainable development. We argue that continuous travel surveys, where mobility is described along a relatively long period of time, are indispensable to gain a proper understanding of the complex issues faced by contemporary planners (see also, Zumkeller and Ottmann, 2009 ).
Ampt and colleagues (Ampt and Ortúzar, 2004; Ampt et al., 2009) have discussed the stateof-practice of a new breed of large-scale urban surveys that go a long way towards addressing hal-00559503, version 1 -27 Jan 2011 some of the abovementioned deficiencies: the on-going mobility survey. In this case, data for each respondent are sought for the 24 hours of the day in the seven days of the week and in all seasons of the year; further, the effort should be kept going for several years. Ampt and colleagues concentrated on two main areas: methodology: data collection issues (including types of surveys, e.g. self-completion vs. personal interviews, sample selection), questionnaire design and survey content; and challenges of current practice: decreasing response rates, respondent burden, weighting and expansion methods and uses of the data.
Apart from doing a survey of applications of continuous surveys throughout the world (looking at issues that were not considered by Ampt and colleagues) in this paper we include data panels under the general label of "continuous" survey. Panels offer another possibility to understand behavioural changes (and the impact of time-related effects such as habit and inertia in transport); by panel data we mean information from a generally smaller sample of respondents who are interviewed several times at different points in time, hopefully over several years (Tourangeau et al., 1997; Zumkeller and Ottman, 2009 ).
We consider also examples (albeit there are few) of regional and national surveys in the two classes above.
In the next sections we will consider why conducting a travel survey on a continuous basis is worthwhile (section 2). However, although there are many advantages associated with collecting mobility data on a continuous basis, managing to do it in practice is not that easy.
In section 3 we review the state-of-practice in continuous travel and panel surveys at the urban, regional and national levels. Researchers from different countries, where continuous surveys and panels are on-going/starting/abandoned shared with us their experience; this effort was prompted by a seminar organized at INRETS by the COST Action 355, was updated through an e-mail survey to all parties known to be engaged in such efforts, including Africa, Latin America, the Far East, India and South East Asia, and was completed during Finally, in section 6 we present our main conclusions, trying to address some of the key issues for reflection posed by Ampt et al. (2009) .
hal-00559503, version 1 -27 Jan 2011 Batellino and Peachman (2003) This was precisely what had happened in Sydney before their continuous survey started in 1997, as unemployment was much higher in 1991 than in 1981 (date of the two previous conventional surveys), with different impacts on male and female behaviour. In France, on the other hand, the National Travel Survey 1973-74 started one month before the war which caused the first oil crisis and the 1993-94 survey was conducted during the recession and a major disturbance of the railway ticketing system. Since 2006 with high fuel prices, mobility has been lower than before in large French conurbations, but walking and cycling have received a larger modal share (Hubert, 2009 ).
Why a Continuous Data Collection Effort?
In a continuous survey the specificity due to unpredictable events can be checked by comparing with other periods in the year. Surveying over the entire year allows controlling for seasonal effects (e.g. long distance trips for holidays, bicycle use, walking, etc.).
Moreover, subsequent years can be aggregated for the analysis of sub-groups (e.g. regions), and a flexible design allows considering additional questions for specific studies, over just a short period.
Another deficiency of one-off surveys is the unavoidable loss of staff and knowledge in the inter-survey period, which has to be re-established for the next survey. Large scale household travel surveys are expensive projects to mount and resource intensive to manage. They require a considerable amount of in-house expertise in the design and management of the survey and the processing and analysing of the data. Setting up a team requires substantial investment in recruitment, training and development of staff. Much greater value can be derived if that team is employed on an ongoing basis rather than for the one-off large scale survey. This applies to both project management staff in the government (or research) organization conducting the survey and staff in the market research organization, or research institution, collecting the data on site. British experience reveals that it is more important that the team remains the same at hal-00559503, version 1 -27 Jan 2011 the sponsor level, even if the field organization changes after a new tender.
Apart from the potentially large cost-inefficiency of knowledge loss, the differences in organizations/staffing between surveys increase the difficulty of having accurate measurement of changes in travel behaviour. Indeed, there is less turn-over in research institutes than in administrations or marketing research firms; thus, researchers have often the best information on past surveys. So, are changes recorded in time series partly reflecting differences in the quality of survey processing rather than real changes? Measuring the general extent of this effect is difficult, and quantifying it accurately is impossible. However, its extent is undoubtedly minimized by maintaining relative continuity of staff and procedures.
Finally, budgetary implications are also an important consideration in deciding to move to a continuous survey. It is easier to obtain funds when up and running (each year almost the same budget), than for one "big bang" survey. With surveys taken every so many years, there are uneven requirements for funds, so large amounts have to be arranged for at the time of the survey. If the political climate is not conducive to providing this funding, the survey could be delayed or not undertaken at all. On the other hand, a withdrawal of funding may occur at any time during a continuous survey; however, if it is progressing successfully and producing relevant results, its prospects of continued financing are enhanced as shown in practice, in particular in Australia, Germany (MOP panel survey), The Netherlands and UK. One particularly appropriate avenue to secure continuing funding is to expand the number of users of the data collected by the commissioning organization, such that they can contribute to the costs of acquiring information in subsequent years (Ampt et al., 2009) . Finally, we also expect significant economies of scale from undertaking the survey on a continuous basis.
Continuous Surveys Around the World
At the national level, continuous data collection efforts have been conducted for many years in Germany, The Netherlands and UK, and more recently in New Zealand, Italy and the USA (although the American Community Survey asks for much more than a typical travel survey).
However, some countries have also stopped conducting continuous surveys at the national level, i.e. Denmark, but just started again; Sweden, which is planning a new venture for 2010;
and The Netherlands which stopped the well-known Dutch Mobility Panel (LVO) after 10 waves, but still conducts the National Travel Survey on large samples.
Notwithstanding, several urban areas in Europe (Austria, Belgium and Germany) have started new continuous surveys since the mid-90s and some others are planning new ventures as well hal-00559503, version 1 -27 Jan 2011 (Madre, 2005) . As shown in Table 1 
Nationwide on-going mobility surveys
Starting in 1978, the National Mobility Survey in The Netherlands is probably the longest standing continuous survey; however, it was re-designed in 1985 , 1998 (Van Heukelingen, 2005 , and again in 2009, because of an increasing unwillingness to participate, declining telephone accessibility (more unlisted numbers), and requests for continuity and comparability (i.e. a more flexible design).
During nearly 10,600 days up to 2008, more than 800,000 households (i.e. about 1.8 million people) described almost 6 million trips made during one designated day by all household members. In 1995, the sample size was expanded six-fold to accommodate regional estimates, and between 2004 and 2008 nearly 129,500 households (i.e. 296,500 individuals) were interviewed ( Table 2 ). The survey excludes mobility during holidays and abroad.
Table 2 approximately here
The National Travel Survey (NTS) in England, Scotland and Wales has been conducted continuously since July 1988, after five one-off surveys between the 60s and mid-80s, and was extended to Northern Ireland in 1999. It is a 7-day self-completion travel diary for all household members, with an additional interview in the case of long distance trips for a longer period. The sample size was increased from 5,040 households/year in 1998 to 15,000 in 2002 and onwards, and the overall response rate in 2007 was 61%, but higher in the rest of the country (63%) than in inner (47%) or outer (55%) London (Anderson et al., 2008) .
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The Danish National Travel Survey has been conducted by Statistics Denmark since 1992 with 14-16,000 computer-assisted telephone interviews done annually. The sample is randomly selected from the central person register. In 1998 an unexpected drop in km travelled and number of trips/person was observed; this trend, diverging from traffic counts, persisted in the following years. The main cause was a large rise in the number of people who declared staying at home all day. A smaller part was due to a decrease in trip rates for people actually making trips (Christensen, 2004) .
Thus, it is important to keep a close check on the quality and results of the interviews. The percentage of zero trips, the trip rates and km/trip has to be controlled carefully both with respect to general trends and in relation to interviewer performance. This is a particularly In other countries continuous surveys are not currently conducted nationwide, but mostly at a regional level, on wide enough areas to allow considering urban sprawl, which is a major determinant of travel behaviour changes.
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A growing effort at regional/metropolitan level
The Victorian Activities & Travel Survey (VATS) in Melbourne was the first on-going metropolitan mobility survey, and inspired all the rest. It began in 1993 with an initial five year horizon but lasted officially until 2002 (Richardson et al., 1995; Richardson and Ampt, 1993) . In 2007 a new initiative, the Victorian Integrated Survey of Travel & Activity (VISTA) was launched, with about 15,000 households in Melbourne and several regional areas of Victoria being interviewed during the whole year; this was followed up by a new 12 month survey in 2009 (www.transport.vic.gov.au/vista). So, while not fully continuous, it is getting close with 12 months on and 12 months off. Further, given the level of transport investment in Victoria, it appears that VISTA will become a permanent feature of the transport planning landscape, much like VATS in the 90s
1 .
The second Australian experience was the Sydney Household Travel Survey (HTS), a continuous effort started in 1997 which is still going strong. Battellino and Peachman (2003) provide an excellent description of its genesis plus incisive comments about the advantages and practical problems faced when developing such a large-scale on-going survey. The aim of HTS is to interview 5,000 households/year but usually slightly less (i. In Europe, six continuous all-year surveys have been conducted by Socialdata in Germany or Austria using the New Kontiv diary design (four are still on-going in Halle, Nuremberg, Vienna and Bungerland/Lower Austria). The starting premise of this design is that "the researchers must adjust to the respondents, not the respondents to the researchers". The diary is designed to obtain all information concerning out-of-home activities performed on one (pre-specified) day. Since diaries are best filled out by the respondents themselves, the survey is self-administered and has to be mailed-back. The telephone is used more to motivate and check than to question. This combination ensures both high and constant response rates (about 70%) over the years. Finally, in-depth individual interviews are also "attached" as separate studies to determine reasons for mobility behaviour, to assess potentials for change and to evaluate adequate measures in qualitative and quantitative ways.
In Montreal a continuous survey started in January 2009, just after the completion of a large traditional survey (66,000 households) held in the autumn of 2008. This survey will initially run for three years with an intended sample size of 15,000 households per year 2 .
Panel surveys
Panel mobility surveys exist at a national level only in Germany (Zumkeller et al., 2006; Zumkeller, 2009) . In between the large Mobility in Deutshland (MiD) cross-sectional mobility surveys (about 50,000 households in 2002 and 2008), the German Mobility Panel (MOP) has collected data through 7-day self-completion diaries. Each year about 350 -400 "fresh" households are recruited to stay for a total of three years within the panel; so the approach constitutes a 3-year rotating panel. Within these cohorts, an attrition rate of about 25 -30 % has been found on average. With a cohort size of about 350 "fresh" households/year each transition from one year to the next comprises about 450 households, which are "repeaters", and a total sample size of about 750-800 households/year. During the set up phase (1994 -1999) , the survey was conducted only in former Federal Republic and then it was extended to the "new" states of the former GDR. This late extension was the result of lack of ITinfrastructure for surveying in the former East Germany (e.g. lack of private phones at the beginning).
The competing objectives of the MOP led to the following compromise: representativeness could be achieved by the panel rotation and the dropping out of some participants. An attempt to reduce burden was made by limiting the reporting of activities and trips (the survey use a one-week diary) such that only residence address was captured in enough detail to be geocoded. Plausibility checks of reported behaviour were performed at different stages of the survey and data processing, and the selection bias is analysed along the recruitment process.
In The Netherlands, although interrupted, the Dutch Mobility Panel (LVO) is important because its number of waves (10) and sample size (between 1,687 and 1,928
households/wave) characterize it as the largest transportation panel ever. It started in 1984 and ended in 1989 (BGC, 1991 Banders and Slootman, 1982) , and was independent from the still on-going continuous cross-sectional survey described above. This survey was not driven by a specific purpose; it was used as a universal instrument for data supply and analysis, and designed as a multi-purpose panel, since it was both multi-period (participants reported every half year) and multi-day (one-week trip diary was filled). Besides the trip diary, with detailed reporting of origins and destinations, people answered many questions in a personal interview which included both retrospective questions and questions about long distance travel.
However as a result of this, probably too high respondent burden, the willingness to participate was low and the willingness to report more than one wave showed attrition rates up to 47 % between two waves. The sample frame did not represent the population but over sampled interesting household groups such as transit customers.
Thanks to its scientific potential the LVO has been well documented and the experience used subsequently for other panels such as the German Mobility Panel (Golob et al., 1997) were "recorded" by the four waves of the panel (Yáñez et al., 2010b) . This is the first travel panel constructed in Latin America and the first in the world specifically devoted to mode choice analysis with more than two waves. The data has served to analyse changes generated by this new policy in users' behaviour, and also to formulate and estimate advanced discrete choice models considering inertia and shock policy effects (Yáñez et al., 2009 ).
Interrupted Mobility and Panel Surveys
Cross sectional surveys
Cross-sectional surveys have stopped in Sweden, Leipzig and Wiesbaden, Perth and Santiago de Chile. In Sweden, after two one-year surveys (1978 and 1985) , the Swedish Institute for -despite a relatively large sample (8,000 individuals per year), only large changes could be detected on a yearly basis; indeed, the sample was not stratified (independent samples drawn quarterly as simple random sample); -data quality declined because of competence loss in key positions and in interviewers' performance; the longer the survey period the bigger was the problem; -considering changes in the questionnaire for the construction of the database and updating data on supply for modelling, was difficult and costly at a national scale; -the use of tele and video-conference and access to intelligent communication tools ( 
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SIKA is not planning to conduct further NCS in the future, as results could not be used as planned. However, through the NCS they became aware of how sensitive the data was to bias by differences in methods. This is one reason why they decided to conduct the next NTS continuously again. They hope to achieve greater stability in their methods, because the organisation conducting the survey will get better routines and if there are changes in methodology (i.e. because technology allows it), it will be easier to figure out its impact if the survey is continuous rather than if there is a gap of several years in between 4 .
Among the six urban mobility surveys conducted by Socialdata, two have been interrupted: were only taken in 2006 However, due to ill-thought cost-saving reasons the strict, almost online, procedures for data entry and checking were relaxed and performed not every day or week, but every month and later every several months. This meant that finding out an interviewer performing incorrectly (for example, much lower trip rates), took 3-4 months to detect. This led to severe data loss, replacement of personnel, re-training of interviewers, higher costs and the need to apply non-trivial correction factors to non compulsory trips. Also, a substantial amount of data -pertaining to 2006, the all-important year before Transantiago was implemented -had to be deleted and eventually replaced with newly collected data for 2007. Response rates fell dramatically to some 45% (see the in-depth discussion in Ampt et al., 2009) . Chilean government officials were studying whether to continue the survey, but since a new government was appointed in March 2010 the decision was delayed.
The Perth and Regions Travel Survey (PARTS) ran for four years, as planned, after starting in October 2002. Hill et al. (2004) provide a good summary of the survey characteristics. A special feature was that the study area is a region much larger than the metropolitan area, a requirement for analysing urban sprawl. The sample size was 2,350 responding households/year and the survey used a self-completion form delivered personally to the household. Like in Sydney, a cluster sampling system aimed at being geographically and chronologically balanced was used but the structure of the survey and data collection methods were standard.
Longitudinal surveys
The (Murakami and Watterson, 1989; Murakami and Ulberg, 1997; Kilgren, 1998) . As it was not set up regularly (there were two year gaps between some waves and the survey season was not always the same), certain patterns and figures emerging from it are not strictly comparable. Nevertheless, it showed the feasibility of a panel over a time span of more than a decade with the same participants. The permanent refreshment kept the sample size at about 1,500 -2,000 households/wave.
The data available for analysis purposes in the PSTP included household and individual information plus detailed records from a 2-day travel diary (to limit fatigue effects). This raised questions about the limited amount of variance covered on a day-to-day basis. In particular, it was questioned whether two days would be enough for an accurate measurement of travel behaviour changes between subsequent waves of the panel. Since 1997 the original objectives were enriched by the introduction of questions on traveller information system use, telecommunications and computer ownership and use. Furthermore, a shift from a trip based to an activity based approach was also introduced. These two enrichments clearly raised issues about comparability, but for a sample with known characteristics the addition of such questions made sense as much comparable information for other survey items was available.
The survey was stopped because data were mainly used by academics and no real usage was being made by government or consultants; moreover, no extra measurements (i.e. level-ofservice) were taken for each wave, diminishing the potential use of the data in modelling and hal-00559503, version 1 -27 Jan 2011
planning. The high cost associated with collecting data on transport supply has also been mentioned as a reason for interrupting continuous data collection in Sweden.
In the USA a panel survey was also conducted for at least two years (1998 and 2002) in the second wave and to 171 in the third; so, there was 80% retention from wave 1 to wave 2, and 86% retention from wave 2 to wave 3 (i.e. total attrition was 32% ). This was, again, judged acceptable given the enormous respondent burden in the first wave.
In Adelaide, Australia, approximately 1,000 households participated in a fairly revolutionary panel (using odometer data) from October 2004 to October 2007, with a total of nine waves (every four months); the study aim was to evaluate voluntarily users' travel behaviour change programmes (Stopher and Swann, 2008) . Another 3-year GPS panel ran at the same time (Stopher et al., 2008a; Stopher, 2009; . Finally, there is an on-going 6-wave GPS panel to determine the longer-term (5+ years) sustainability of travel behaviour changes from a variety of TravelSmart projects in six Australian states. It has about 130 households carrying GPS devices for all travel for 15 days once each year; everyone over the age of 14 is provided with a small portable logging GPS device 6 .
In Spain there is evidence of at least two panels. Between 2002 and 2003 the first had three waves and 143 respondents; it was designed to study season ticket use in the Valencia metropolitan area (Ruiz, 2004) . The Madrid-Barcelona Corridor Panel (M-BCP), although interested in long distance travel and not daily mobility, was a multiday and multi-period biannual survey initiated in 2005 and finished in 2007 (Ruiz et al., 2008) ; it started with 3,480
panellists and ended with 1,986 (but only 1,338 remained during the four waves of the panel).
Respondents were contacted by phone and interviewed using a specially designed CATI protocol. The main objective of this panel was to study changes in modal shares while highspeed rail services were being introduced in the corridor.
In Japan a series of seven panel surveys were taken between 1987 and 2005 7 ; the first had seven waves (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) and was used to evaluate travel behaviour changes caused by an automated railway (AsTram) connecting a newly developed suburban area to the CBD in Hiroshima. The largest had nine waves (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) and was used to measure the effects on shopping behaviour caused by the opening of a new shopping complex in Kofu. The last one had only two waves (2003) (2004) (2005) and was used to assess the behavioural changes of registrants of special transport services (i.e. aged or disabled people) in Okayama.
Sampling Issues
We have considered two main strategies for estimating trends:
-panel surveys, with a relatively small sample, where the same individuals are interviewed several times in different periods, and -larger cross-sectional samples, drawn independently each year, and which can be spread all over the year.
The choice between these two approaches depends mainly on the correlation between subsequent occasions for the variable of interest and cannot be determined a priori. Surveys are typically taken because of an interest in the following issues: (i) getting a picture of individual mobility behaviour at a given moment in time; (ii) following up individual mobility behaviour for a long time; (iii) following up the global evolution of mobility behaviour.
The last is particularly important if the final aim of the study is the promotion of public transport for specific groups (e.g. young people, seniors, tourists, women with children), for specific trips (e.g. home-to-work, leisure) or for specific days (e.g. Mondays, Wednesdays, holiday periods). Now, following the global evolution of mobility behaviour is one of the main reasons for using permanent samples, as these may lead to improved estimation since they provide us with better measurements than successive independent samples.
For example, for a given household there would probably be negative correlation between buying a car one year and buying another in the next year. Thus, there is a conflict between the measurement of the parameter itself and the measurement of its evolution (Cochran, 1977) . If correlation is positive and in both cases measurements are made with equal precision, detecting a significant evolution in parametric terms would be less costly with a permanent sample. But under the same conditions, the quality of the estimated parameter should be lower when using a permanent sample due its smaller size; therefore, improving estimation requires increasing sample size and, hence, the cost of the survey.
Note that the correlation coefficient depends on the time between two successive surveys.
However, few studies seem to have detected this influence, so it is difficult to determine the length of the period between two series of surveys which will optimize the precision of the results.
Panel surveys
Long survey panels consist of repeating the same survey (i.e. same methodology and design) at "separate" times, for example once or twice a year for a number of years or before-andafter an important event. Short survey panels, are multi-day data where repeated measurements on the same sample of units are gathered over a "continuous" period of time (e.g. seven successive days), but the survey is not repeated in subsequent years (Axhausen et al., 2002; ; we do not consider these here.
Although the permanent sample gives an effective measurement of the evolution of some parameters, it presents some drawbacks, such as selection effects and the modification of the "long run" behaviour of permanent sample members. Moreover, long survey panels exclude new units (e.g. young households) and disappearing units (e.g. elderly passing away or moving to an institution). That is why rotating panels can be more representative of the population and less subject to attrition (i.e. loosing respondents) between successive panel waves. Treating panel attrition with a refreshment strategy is not the same as a panel rotation strategy: rotation allows the planned maintenance of the sample stratification in ways that are more desirable than refreshment strategies used when panel participation is open-ended.
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Rotation panels are also subject to attrition, but the self-selection that usually accompanies it is likely to be less of a problem.
The characteristics of both long and short survey panels can be combined, following respondent behaviour for several days each wave. Fatigue is a problem here as individuals get tired of keeping detailed records of their journeys after a few days. The Santiago Panel had precisely this characteristic, but concentrated only on work/study trips, asking questions about the potential influence of further activities on these trips at a second stage of the questionnaire. Furthermore, a recent study has shown that if the main interest of a panel was in modelling mode choice, the ideal length of the short survey component could be just one week, provided the sample is not too small Yáñez et al., 2010a) . Indeed, one week is an adequate time period for comparing successive waves of a long survey panel, as it offsets changes due to day to day variability (Zumkeller and Ottmann, 2009 ). Finally, GPS support reduces the respondent burden of multi-day panel surveys and increases the accuracy of measurement, especially for picking up short distance walk and cycle trips ).
Continuous cross-sectional surveys
In this case stratification is essential for a higher accuracy of estimates. For instance in Sydney, the sample is selected for three annual waves based on a stratified multistage cluster sampling method. Districts inside zones are selected using probabilities proportional to size and are divided into blocks of approximately 50 dwellings each; then one block is randomly selected and inside it seven dwellings are drawn; finally these dwellings are allocated to a different day of the week to ensure a balanced sample in time and space. In the Santiago Mobility Survey up to 2007, the randomness in time and space was achieved using twodimensional Sobol low-discrepancy sequences (see Ampt et al., 2009 for details) and the sample was also generated for three years (i.e. 15,000 addresses every three years).
Given the discussion above, the main issue appears to be the choice between a panel survey and successive cross-sections. Travel surveys, especially at a national level, are expensive to carry out so their sample sizes are usually limited. On the other hand, as most changes in travel behaviour are relatively small from year to year, only changes of greater amplitude can be detected at an aggregate level on a yearly basis. For example, even the large sample size in Sweden (8,000 individuals/year) did not allow meeting the survey objectives of using the data for detecting underlying trends in travel behaviour and to follow the overall travel developments over time. Also, although changes (in both directions) are larger at an hal-00559503, version 1 -27 Jan 2011
individual level, they might only be detected through panel data.
The variability of travel over multiple days can be more easily identified with the help of new technologies. For example, Stopher et al. (2008a) administered panels using GPS devices and was able to examine the magnitude and significance of changes in travel behaviour detecting changes by mode of transport.
Is it Possible to Avoid a Decline in Response Rates?
Continuous surveys are more attractive to high quality marketing research companies, because of reduced learning curves for interviewers. In Great Britain, interviewers are briefed every year to refresh them, and some are rotated. In New Zealand, interviewers are refreshed in their training two days a year. In the first stage of the Santiago Mobility Survey, interviewers were trained during two weeks and rotated by sector (as high income zones with security agents controlling the access and low income zones with more criminality, were more difficult to work in). Moreover, interviewers may play a key role in obtaining full coverage of the population: for instance, they can help to fill in self-administered questionnaires in case of illiteracy. However, the main reason for the substantial increase in zero trip rates in Denmark can only be related to interviewer performance: an increasing number of interviews were conducted by a small number of interviewers who recorded much higher zero trip rates than the rest; this was also observed in the second stage of the Santiago Mobility Survey and led to a complete reshape of the interviewing force.
In most cases, the response rate has been observed to be declining for continuous crosssectional surveys, as well as for panel surveys. This is a potential cause of discrepancy between national accounts or traffic counts and survey results. For instance in The Netherlands, the response rate fell from 51% in 1985 to 35% in 1998. A solution is to redesign the survey, but this introduces some heterogeneity in the time-series. The "respondentfriendly design" introduced in 1999 has maintained the response rate around 70% in The Netherlands, as well as in the German urban areas where the New Kontiv design is also used.
It consists of:
-asking respondent as little as possible (e.g. pre-coded items plus an open answer in case of "miscellaneous" or "other"); -letting respondent choose the survey instrument (face-to-face, phone or preferably mail back), and thus obtain a lower non-response rates for households only accessible by mail; hal-00559503, version 1 -27 Jan 2011 -proposing optional follow-up surveys to obtain additional data for specific subgroups (e.g. disabled people) or research topics (e.g. public transport, road accidents); -decentralising the organization: everybody involved in the interview process has to know as much as possible about the survey.
On the other hand, Table 2 shows that response rates increased in Perth as years went by. This was due to some changes implemented there 8 :
-different roles were split, i.e., the same person was not charged with the tasks of managing the whole project and the fieldwork team; the person who took over managing the fieldwork team had enough time to do it properly and made a real difference in terms of attitudes, i.e. got the deliverers to care about whether people responded or not; -a reduction in sample size allowed them to concentrate on keeping a relatively small, but good, team; prior to that, they were always struggling to have enough people and so could not afford to drop any staff who were not "pulling their weight".
Finally, since the past decade, various monitoring technologies to collect travel behaviour have been set up to help collect data substantially reducing respondent burden. Indeed, increasing the survey period allows researchers to work with smaller samples and collect richer, more in-depth data. GPS surveys have been identified as a potentially ideal solution, as they remove some of the respondents' self-reporting burdens without losing -and in fact, sometimes gaining -detailed data. A paper by Stopher et al. (2008b) related to using GPSbased travel-distance data collected in Adelaide, South Australia, demonstrates the benefits of GPS travel surveys in terms of sample size, accuracy of results and survey costs.
Thus, despite a generally decreasing response rate even for cross-sectional surveys, there are examples where it is stable (New Kontiv) or even increasing (in Perth). This mainly relies on a decentralized organisation and is easier to obtain for a small sample size. New technologies may also help us to gather better multi-day data.
Conclusions
We have made a thorough worldwide survey of continuous cross-sectional and panel surveys both at the national, regional and urban levels. The experience shows, sadly, that in the large majority of countries these data collection approaches -which constitute and are recognised as the state of practice -have not been attempted, even as research or academic exercises.
However, some countries in Europe and Australasia have established these procedures as their main approach for obtaining travel mobility data and others (even in Latin America) have experienced it, with demonstrable success when good practice standards are followed. Also, although not exactly the same, the idea was labelled a landmark by the U.S. Census Bureau.
Of the national and urban continuous mobility surveys considered in this paper, those that have been interrupted have argued the following reasons:
-loss of continuity and motivation of the client's management staff;
-government failure to understand that rigorous (and hence more expensive) procedures are essential to guarantee good quality data; -poor control on the field work and non-rigorous allocation of surveyed days, leading to low response rates and non-credible proportions of immobile household members; -in the case of panels, more than a minimum number of waves are difficult to achieve due to attrition.
On the other hand, of those continuous surveys that have been maintained it is possible to gauge that careful attention to staffing problems, and a chronologically and geographically balanced sample scheme, are essential to success. Some other lessons are:
-in the case of panels, it is preferable (although more complex and charged with high respondent burden) that the survey period each year is long enough (seven days is better than two days); -data quality should not be traded for a high response rate, especially in the case of panels where data quality is crucial for the measurement of changes; -the drawbacks from selection bias and attrition can be managed with a rotating panel (e.g. each household withdrawn after three years).
-in the case of on-going cross-sectional surveys, possibly the most important issue is keeping interviewers motivated and adhering strictly to the survey good practice standards; -it has also been found that assigning a pre-allocated day for the travel diaries is far superior to asking questions about the previous day to the interview.
What can be drawn from the examples analyzed in this paper in order to propose a more continuous assessment of mobility trends?
Aiming for a more accurate estimation of trends, we can choose either a household rotating panel survey (e.g. the on-going German Mobility Panel or that conducted previously in The hal-00559503, version 1 -27 Jan 2011
Netherlands) or an additional questionnaire to a large sub-sample of a rolling census. In the latter case, the census provides an ideal basis for optimizing the sample as well as for weighting and correcting it (the selection bias of panel surveys are difficult to control).
To get a comprehensive record of mobility (e.g. including holiday periods), a continuous survey should be conducted all over the year. It appears that a sample scheme chronologically and geographically balanced (even if not a panel) can improve the accuracy of time-series data. Finally, it is important to choose a survey design giving a high and non-decreasing response rate (e.g. the New Kontiv); for this, permanent and motivated staffs are essential.
New technologies (e.g. follow-up by GPS or GALILEO in the future) could help surveying during longer periods, providing more accurate data on the spatial and temporal framework of mobility. Recent developments in both data collection and processing using portable, location-aware electronic devices offer the prospect of "extended monitoring panels", in which respondents could participate with comparatively modest response burden for weeks or months. Monitoring technologies are obviously an area of potentially major significance for continuous surveys. 
